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Abstract In this paper, we propose transformations based on the centroid points between single valued 
neutrosophic values. We introduce these transformations according to truth, indeterminacy and falsity 
value of single valued neutrosophic values. We propose a new similarity measure based on falsity 
value between single valued neutrosophic sets. Then we prove some properties on new similarity 
measure based on falsity value between single valued neutrosophic sets. Furthermore, we propose 
similarity measure based on falsity value between single valued neutrosophic sets based on the 
centroid points of transformed single valued neutrosophic values. We also apply the proposed 
similarity measure between single valued neutrosophic sets to deal with pattern recognition problems. 


1. Introduction 


In [1] Atanassov introduced a concept of intuitionistic sets based on the concepts of fuzzy sets [2]. In 
[3] Smarandache introduced a concept of neutrosophic sets which is characterized by truth function, 
indeterminacy function and falsity function, where the functions are completely independent. 
Neutrosophic set has been a mathematical tool for handling problems involving imprecise, 
indeterminant and inconsistent data; such as cluster analysis, pattern recognition, medical diagnosis 
and decision making. In [4] Broumi et.al introduced a concept of single valued neutrosophic sets. 
Recently few researchers have been dealing with single valued neutrosophic sets [5-10]. 


The concept of similarity is fundamentally important in almost every scientific field. Many 
methods have been proposed for measuring the degree of similarity between intuitionistic fuzzy sets 
[11-15]. Furthermore, in [13-15] methods have been proposed for measuring the degree of similarity 
between intuitionistic fuzzy sets based on transformed techniques for pattern recognition. But those 
methods are unsuitable for dealing with the similarity measures of neutrosophic sets since 
intuitionistic sets are characterized by only a membership function and a non-membership function. 
Few researchers dealt with similarity measures for neutrosophic sets [16-22]. Recently, Jun [18] 
discussed similarity measures on internal neutrosophic sets, Majumdar et.al. [17] discussed similarity 
and entropy of neutrosophic sets, Broumi et.al. [16] discussed several similarity measures of 
neutrosophic sets, Ye [9] discussed single-valued neutrosophic similarity measures based on cotangent 
function and their application in the fault diagnosis of steam turbine, Deli et.al.[10] discussed multiple 
criteria decision making method on single valued bipolar neutrosophic set based on correlation 
coefficient similarity measure, Ulucay et.al. [21] discussed Jaccard vector similarity measure of 


bipolar neutrosophic set based on multi-criteria decision making and Ulucay et.al. [22] discussed 
similarity measure of bipolar neutrosophic sets and their application to multiple criteria decision 
making. 


In this paper, we propose methods to transform between single valued neutrosophic values based 
on centroid points. Here, as single valued neutrosophic sets are made up of three functions, to make 
the transformation functions be applicable to all single valued neutrosophic values, we divide them 
into four according to their truth, indeterminacy and falsity values. While grouping according to the 
truth values, we take into account whether the truth values are greater or smaller than the 
indeterminancy and falsity values. Similarly, while grouping according to the indeterminancy/falsity 
values, we examine the indeterminancy/falsity values and their greatness or smallness with respect to 
their remaining two values. We also propose a new method to measure the degree of similarity based 
on falsity values between single valued neutrosophic sets. Then we prove some properties of new 
similarity measure based on falsity value between single valued neutrosophic sets. When we take this 
measure with respect to truth or indeterminancy we show that it does not satisfy one of the conditions 
of similarity measure. We also apply the proposed new similarity measures based on falsity value 
between single valued neutrosophic sets to deal with pattern recognition problems. Later, we define 
the method based on falsity value to measure the degree of similarity between single valued 
neutrosophic set based on centroid points of transformed single valued neutrosophic values and the 
similarity measure based on falsity value between single valued neutrosophic sets. 


In section 2, we briefly review some concepts of single valued neutrosophic sets [4] and 
property of similarity measure between single valued neutrosophic sets. In section 3, we define 
transformations between the single valued neutrosophic values based on centroid points. In section 4, 
we define the new similarity measures based on falsity value between single valued neutrosophic sets 
and we prove some properties of new similarity measure between single valued neutroshopic sets. We 
also apply the proposed method to deal with pattern recognition problems. In section 5, we define the 
method to measure the degree of similarity based on falsity value between single valued neutrosophic 
set based on the centroid point of transformed single valued neutrosophic value and we apply the 
measure to deal with pattern recognition problems. Also we compare the traditional and new methods 
in pattern recognition problems. 


2. Preliminaries 


Definition2.1 [3]: Let U be a universe of discourse. The neutrosophic set A is an object having the 
farm A = {(x: TAG lac Fa) Х Е U} where the functions T,I,F:U 5] 0,1*[ respectively the 
degree of membership, the degree of indeterminacy and degree of non-membership of the element 
x E U to the set A with the condition: 


07 x Tacx) + Tacx) + Facx) < 3t 


Definition 2.2 [4] Let U be a universe of discourse. The single valued neutrosophic set A is an object 
having the farm A= {(x: Tae dace Facey) Е U} where the functions T,LF:U — [0,1] 
respectively the degree of membership, the degree of indeterminacy and degree of non-membership of 
the element x € U to the set A with the condition: 


0 € Tacx) + IA) + Facx) <3 


Definition 2.3 [4] A single valued neutrosophic set A is equal to another single valued neutrosophic 
set В, A = B if Vx EU, 


Tacx) = Тв(х)› Lacey = Ів), Facey = Ёв(х)- 


Definition2.4 [4]: A single valued neutrosophic set A is contained in another single valued 
neutrosophic set B, A € B if Vx E U, 


Tacx) < Тв(у)› Tacx) < Ів) Facx) 2 Face): 
Definition2.5 [16]: (Axiom of similarity measure) 


А mapping S(A,B): №) х NS, > [01] , where №») denotes the set of all NS in 
x = {x1,... , x4). is said to be the degree of similarity between A and B if it satisfies the following 
conditions: 


5Р) 0 < 5(А, В) € 1 

sp2) 5(А, В) = 1 if and only НА = B, VA,B Е NS 

sP3) S(A, B) = S(B,A) 

5р) КА С ВС Стога АВ,С Е №, Шеп 5(А, B) 2 S(A,C) and S(B,C) > S(A,C). 
3. The Transformation Techniques between Single Valued Neutrosophic Sets 


In this section, we propose transformation techniques between a single valued neutrosophic value 
(Тахо) › lax) » Расу) and a single valued neutrosophic value Соб). Неге (Тас) » lac » Faca) denote 
the single valued neutrosophic value of the element x; belonging to the to the single valued 
neutrosophic set A, and Сао is the center of a triangle (SLK) which was obtained by the 


transformation on the three-dimensional Z — Y — M plane. 


First we transform single valued neutrosophic values according to their distinct T4, I4, F4 values in 
three parts. 


3.1 Transformation According to the Truth Value 


In this section, we group the single valued neutrosophic values after the examination of their truth 
values T,’s greatness or smallness against 74 and F4 values. We will shift the Тас) and F4(4;; values 


on the Z — axis and Тд(х;) and I4(,,) values on the Y — axis onto each other. We take the Ед (у) value on 


the M — axis. The shifting on the Z and Y planes are made such that we shift the smaller value to the 
difference of the greater value and 2, as shown in the below figures. 


1. First Group 
For the single valued neutrosophic value (Тасу Асо» Facx;)) > if 
Ta S Раоа) 
and 
TAG) S Габ) > 


as shown in the figure below, we transformed (Тасу, Асо» Раску) into the single valued 


neutrosophic value C,(;;, the center of the SKL triangle, where 


Sax) Т у — Tax Facey) 
K Ах) = (2 = Fai Tax Facx;)) 


Lax) = (Табе 2 — Гар Fi; : 





< 
= 





Неге, а5 
ү (= = Tama] 2 Fagg 2 Та) 
СА(х) T *А(х{) T 3 = 3 
Che hes) dm hay ТА) 

ла age ER 

and 
Fog) = Facey) › 

we have 


= a= F A(x) t 2 T A(xj) 2— Тд(х)* 2 T A(xj) 
Сах) = 3 7 3 Facey ' 


2. Second Group 
For the single valued neutrosophic value (Тасу Асо» Facx;)) » if 
TAG) > Fax) 
and 


Tan = lag 


as shown in the figure below, we transformed (Ty(x,),/acx;)»Facx,)) into the single valued 


neutrosophic value Сд), the center of the SKL triangle, where 
Sacs) = (Ёл) lacey» Facey) 
Lacy = Faw ›2 7 Tap Facey) 


Kacey = (2 — Тасо ас Рахо): 





Ү 
Неге, а$ 
io tagi C пи ЈИ у 
Tega) = lagy + C Facey aco) - 2 1003 A 
and 
Есак) = Fa» 
we have 


ee 2 — Tay + 2 Расх) 2 — Tax + 21А(х) Е 
АС) — 3 , 3 ^T A) |: 


3. Third Group 


For the single valued neutrosophic value (Тасу, [л(х,) Face) » if Тасу < Тасу < Face; › as shown 


in the figure below, we transformed (Tax; »/a(x;) »Facx;)) into the single valued neutrosophic value 


Сдсх the center of ће SKL triangle, where 


Sacy = (Так, Та, Facey) 
Lace = (Тао, 2 — Taxi» Facey) 


Kacy = (2 — Fax lacy РАСО). 





Here, as 

(2 — Facey — Тао) | 2— Facey + 2 Tan 

Tc (xi) = Ta + 3 = 3 
(2 – Tae — lao) _ 2— Тао + 21м) 
leuc da prt. 
and 
Fer = Едо) 

we have 


2 — Fax) + 2 Tax) 27 Tax + Ар 
Cac) = 3 ? 3 , F A(x;) 


4. Fourth Group 
For the single valued neutrosophic value (Тасу, Гах) Face) > if Fax) < Tac, S Абад, 


as shown in the figure below, we transformed (Tx). Гах) » FA(x;)) into the single valued 
neutrosophic value Сд), the center of the SKL triangle, where 


Sac = (Васа Тасо РАС) 
Lace) = (Раса 2 — Tac» РАС) 


Kaw = (2 — Тад, Tax)» Fat) - 






---4 





~ 
\ 


2 


= Он E 


Неге, а5 
(2 = TAG) = Елу) 2— TAG) + 2 Facey 
Tc (xp = Face) oh 3 БЕ 3 
(2 = lacey) wx Tacx) 2 — Ід) + 2 Tacx) 
LAED) = Тах) + 3 = 3 
and 
Fc (xi) = Fax , 
we have 


Е _ 2- ТА(х;)+2 FA(x;) 2—1А(х+ 2ТА(хр F 
AUD Ж a > 


Example 3.1.1 Transform the following single valued neutrosophic values according to their truth 


values. 


(0.2, 0.5, 0.7), (0.9, 0.4, 0.5), (0.3, 0.2, 0.5), (0.3, 0.2, 0.4). 


i. (0.2, 0.5, 0.7) single valued neutrosophic value belongs to the first group. 


2- Еду yt 2 Тад) 2- Таб) 2 TAG; 
The center is calculated by the formula, Сар = (=. — M Е) 


апа we have Слабо = (0.566, 0.633, 0.7). 


ii. (0.9, 0.4, 0.5) single valued neutrosophic value is in the second group. 


2- Taw, +2 FA(x;) 2- ТА(хр+ 2la(x;) 


The center for the values of the second group is, Cacy,) = ( ^ Kec F i) 


and for (0.9, 0.4, 0.5), След = (0.7, 0.633, 0.5). 


iii. (0.3, 0.2, 0.5) single valued neutrosophic value belongs to the third group. 


2- Басе )+2 Tax; 2- TA(x;)* 2IA(x; 
The formula for the center of (0.3, 0.2, 0.5) is CA, = (ee аар юрар Bacay ) 


and therefore we have Cay) = (0.7, 0.7, 0.5). 


iv. (0.3, 0.2, 0.4) single valued neutrosophic value is in the third group and the center is calculated to 
be Саку) = (0.733, 0.7, 0.4). 


Corollary 3.1.2 The corners of the triangles obtained using the above method need not be single 
valued neutrosophic values but by definition, trivially their centers are. 


Note 3.1.3 As for the single valued neutrosophic value (1, 1, 1) there does not exist any 
transformable triangle in the above four groups, we take its transformation equal to itself. 


Corollary 3.1.4 If Fac.) = Tacx, = Tacx, the transformation gives the same value in all four groups. 
Also, if Tacx) = Тахо) < Face, » then the value in the first group is equal to the one in the third group 
and if FA < Tacx;) = IA; » the value in the second group is equal to the value in the fourth group. 
Similarly, if Tacx) = Ед(х;) < Tacx,» then the value in the first group is equal to the value in the 
fourth group and if Tacx) < Тах = Face, , the value in the second group is equal to the one in the 
third group. 


3.2 Transformation According to the Indeterminancy Value 


In this section, we group the single valued neutrosophic values after the examination of their 
indeterminancy values 1,8 greatness or smallness against Tą and F, values. We will shift the ЈА 


and F'4(x,;) values on the Z — axis and Тах) and Гас) values on the У — axis onto each other. We take 
the F4(4;; value on the M — axis. The shifting on the Z and Y planes are made such that we shift the 


smaller value to the difference of the greater value and 2, as shown in the below figures. 
1. First Group 

For the single valued neutrosophic value (Тасу , Ia(x;) , Facx;)) » if 
lap S Fax) 


and la S Face + 


as shown in the figure below, we transformed (Ty(x,),/acx;)»Facx,)) into the single valued 


neutrosophic value Сд), the center of the SKL triangle, where 
Stax) = Џаба), lac Fao) 
Ках) = (2 — Fai» la». Fac) 


Казу = (Лаба) 2 7 Ta. Рас) - 





We transformed the single valued neutrosophic value (Тас, агуу › Ёл у) into the center of the SKL 


triangle, namely C4(,). Here, as 


(2 Fish) о d Faustus 


Тодд) = Lacey + - с 
Тед = Тах) + C Facey i) = = t c 
and 
Fc. (xi) = Face > 
we have 


C - 2— F (xj) + 2IA(xj) 2-Ta(x,)t 21A(xj) Е 
А(хр) — 3 3 AG] · 


2. Second Group 
For the single valued neutrosophic value (Тасу Асо» Facx;)) » if 
1А(х > Fay; and 
Tacx) > Fay) , 


as shown in the figure below, we transformed (Тас), Асо» Раб, into the single valued 


neutrosophic value C,(;;, the center of the SKL triangle, where 
Stax) = (Facey Taco Facey) 
Kax) = ( Fagy 2 — laap Facey) 


Lx = (2 — lax» Tax». Рас) - 





Y 
Here, as 
(2 =e Fao) a а) 2 Fates 
Тел = Fa са 3 = 3 
КЖЕ РС ЖОШ ошл 
ит ие с ий 
апа 


Fean = Fax 


we have 


PNIS 2— lax) + 2 Facey 2 — lax) + 2 Тас - 
A(xi) — 3 , 3 ^A) |: 


3. Third Group 


For the single valued neutrosophic value (Тасу › lap» Fap) » if Тахо) < lap < Face > 


as shown in the figure below, we transformed (Ty(x,),lacx;)»Facx;)) into the single valued 


neutrosophic value C,(;;, the center of the SKL triangle, where 
Stax = lae» Тар, Face) 
Kax) = ( Ас 2 — lae». Facey) 


Бахр = (2 — Рао Тае, Еак). 





Ү 
Неге а$ 
( = Face) = lap) 2 = FA(xj) +2 Гах) 
ОЕА ара Е пр 
(2 – ео – Тао) _2— aaa + 2 Тае) 
т лл лл ——— 


апа 


Fean = Face)» 


we have 


"m 2— Еда) + 2 lacey 2— Ід) + 2 Тах) = 
А(хр) — 3 , 3 ^A) |: 


4. Fourth Group 
For the single valued neutrosophic value (Таса Лас» Face) if Расу < Абд < Taj > 


as shown in the figure below, we transformed (Ty(x,),/acx;)»Facx;)) into the single valued 


neutrosophic value Сд), the center of the SKL triangle, where 
S(ax;) = (Facey: Гао) Face) 
Kax) = ( Еда 2 — Тао, Facey) 


Lax) = (2 — Tage,» la(xi» Fap) с 





Неге, аѕ 
(2 = Гао — Facey) _ 2— laa + 2 Рао) 
Tc xj) = Расх) + 3 = 3 
(2 – Так — Гау) _ 2 = Tap + 2 Ар 
Ica > Тар) RS 3 = 3 
апа 


Коло) = Face 


we have 


Pinas (7 — Гаа) + 2 Fi) 2 — Табо + 20 у | 
А(х) — 3 , 3 » ГА(Х)) F 


Example 3.2.1: Transform the single neutrosophic values of Example 3.1.3 , 


(0.2, 0.5, 0.7), (0.9, 0.4, 0.5), (0.3, 0.2, 0.5), (0.3, 0.2, 0.4) according to their indeterminancy 
values. 


i. (0.2, 0.5, 0.7) single valued neutrosophic value is in the third group. The center is given by the 
formula 


ае 2 — Еда) + 2 ар 2— la(x) + 2 Тах) p 
ARTE age ee A 


and so Слабо = (0.766, 0.633, 0.7). 
ii. (0.9, 0.4, 0.5) single valued neutrosophic value is in the first group. 
By 


Да (= — Раба) + 2 Лас) 2 — Tao + 2 Мар | | 
BOS ge ge ,Рд P 


we have Сд(х = (0.733, 0.633, 0.5). 


iii. (0.3, 0.2, 0.5) single valued neutrosophic value belongs to the first group and the center is 


ns (= — Раба) + Zla 2 — Ta + 2 Мар | | 
AGS a ee c PAG 


so, Сао = (0.633, 0.9, 0.5). 


iv. (0.3, 0.2, 0.4) single valued neutrosophic value is in the first group. 
Using 


as uie 2 Таби 2 = Tae t a | 
AG И р Facey J 


we have Cay) = (0.666, 0.7, 0.4). 


Corollary 3.2.2 The corners of the triangles obtained using the above method need not be single 
valued neutrosophic values but by definition, trivially their centers are. 


Note 3.2.3 As for the single valued neutrosophic value (1, 1, 1) there does not exist any 
transformable triangle in the above four groups, we take its transformation equal to itself. 


Corollary 3.2.4 If Ед с = Tacx;) = lap» the transformation gives the same value in all four groups. 
Also if Tac = lac S Fac, then the value in the first group is equal to the value in the third 
group, and if Едо) < Tacx) = ГА, then the value in the second group is the same as the one in the 
fiurth group. Similarly, if Ед(х;) = Tacx) < Такх), then the value in the first group is equal to the one 


in the fourth and in the case that Та (у < Facen = Tac, the value in the second group is equal to the 


value in the third. 
3.3 Transformation According to the Falsity Value 


In this section, we group the single valued neutrosophic values after the examination of their 
indeterminancy values F4's greatness or smallness against 14 and F4 values. We will shift the Ас 


and F'4(x,;) values on the Z — axis апа T4(4,; and Ра(х;) values on the Y — axis onto each other. We take 
the Еле) value on the М — axis. The shifting on the Z and Y planes are made such that we shift the 


smaller value to the difference of the greater value and 2, as shown in the below figures. 
1. First Group 
For the single valued neutrosophic value (Тах), Lacx;) » Facx;)) » if 
Facx;) < Тах) and 
Facx;) < Tac) , then 


as shown in the figure below, we transformed (Ty(x,),/acx;)»Facx,)) into the single valued 


neutrosophic value Сд), the center of the SKL triangle, where 
Sax) = (Fac Fai? Faan) 
Kax) = ( 2 — lap FA(xiy Fap) 


Lax) = (Раса 2 7 Тае Facey) · 





Неге, а5 


(2 - ср — Fato) _ 2— Таор + 2 rep 
а == ge ш еы шшр 


(2 – Тао — Fax). 2- Таор + 2 Еца 
lu) fA xr BTW en 


and 
Fax) = Fap 


we get 


2 — lax) + 2 Рас 27 Так) + 2 Раад 
CA(x;) = 3 , 3 Fay) * 


2. Second Group 

For the single valued neutrosophic value (Тас), Lacx;) » Facx;)) » if 
Fap > Тах) and 
Раску > Tacx; , then 


as shown in the figure below, we transformed (Ty(x,) ,/acx;)»Facx;)) into the single valued 


neutrosophic value Сд), the center of the SKL triangle, where 
Sax) = aca Tac». Fax) 
Kaxi) = (Шох) 2 — Едо), Fio) 


ках = (2 — Едо Taxi Facey) - 





Here, as 


(2 — Рас — la) _ 2- Fac + 2 aan 


Tean = Lacey + 3 - 
Ісак) = Так) + Са ы = елиш ща 
апа 
сао) = Facey» 
we have 


ЕРТ Е — Баар + 2 Таса) 2— Бадар) + 2 Так) у | 
А(хр) — 3 | 3 » АС) 


3. Third Group 
For the single valued neutrosophic value (Тасу, Асо» Face) » И Тасу < Fap < Tac then 


as shown in the figure below, we transformed (Tacx Асо» Раску, into the single valued 


neutrosophic value Са(х,у, the center of the SKL triangle, where 
Stax = aca» Fac» Facey) 
Kax = (иу 2 — Таоа), Face) 


Leaxy = (2 — Fac» Facey» Face) - 





Here, as 


(2 Fag 63) 2 Fist 2140 
Tc x) = T(x) oF 3 = 3 


(2 – Тао — Fax). 2- Таор + 2 Еца 
lu) fA xr BTW en 


and 
Реду = Едо) 


we have 


ККЕ Е — Баар) + 2 ар 2— Таа) + 2 Е) p | 
А(х;) — 3 , 3 » ГА(Х)) F 


4. Fourth Group 


For the single valued neutrosophic value (Тах), Гах) › Fax) if Tacx < Facey < lacy » then 


as shown in the figure below, we transformed (Ty(x,),/acx;)»Facx;)) into the single valued 


neutrosophic value Сд), the center of the SKL triangle, where 
Sax) = (Facey: Taxi Fio) 
Kax) = (Fagy 2 — Facey Faan) 


П (2 = Lt Тыр Taag): 





Неге, а5 


[26405 АНЯ УР 
Tc x) = Faci) + 3 = 3 


(2=Fags Табо) _2= Раба * 2 Tao 
Е = Tax + 3 = 3 


апа 
Реду = Едо) 
we get 


2 — lax) + 2 Facey 27 Facey + 2 Тах) 
Caci) = 3 , 3 » Ёлгх) * 


Example3.3.1: Transform the single neutrosophic values of Example 3.1.3 , 
(0.2, 0.5, 0.7), (0.9, 0.4, 0.5), (0.3, 0.2, 0.5), (0.3, 0.2, 0.4) according to their falsity values. 


i. (0.2, 0.5, 0.7) single valued neutrosophic value belongs to the second group. So, the center is 


"NR 2— Fax) + 2Ta(x; 2— Facey + 2 Тас n 
A(xi) — 3 , 3 ‚К A(x) P 


and we get Cary) = (0.766, 0.7, 0.7). 
ii. (0.9, 0.4, 0.5) single valued neutrosophic value is in the third group. Using the formula 


E Е — Баар + 2 lagy 2— Тада) + 2 Ра) у | 
A(xi) T 3 2 3 › А(ж) 


we see that Сд) = (0.766, 0.7, 0.5). 


iii. (0.3, 0.2, 0.5) single valued neutrosophic value is in the second group. As 


ite Е — Баар + 2 Таса) 2— Facey + 2 Та) у | 
О —— ee c o ED 


the center of the triangle is CA(,; = (0.633, 0.7, 0.5). 


iv. (0.3, 0.2, 0.4) single valued neutrosophic value belongs to the second group. 


TUNE Е — Баар + 2 Таса) 2— Раб + 2 Так) у | 
"C шшш ИШ ийй с у. 


and so we have Саб) = (0.666, 0.733, 0.4). 


Corollary 3.3.2 The corners of the triangles obtained using the above method need not be single 
valued neutrosophic values but by definition, trivially their centers are single valued neutrosophic 
values. 


Note 3.3.3 As for the single valued neutrosophic value (1, 1, 1) there does not exist any 
transformable triangle in the above four groups, we take its transformation equal to itself. 


Corollary 3.3.4 If Facx;) = Tacx,) = Ас, the transformation gives the same value in all four groups. 
Also, if Tacx; = Face < lace, » then the value in the first group is equal to the one in the fourth 
group, and if IA(45 < Такх) = Fax, then the value in the second group is the same as the value in 
the third. Similarly, if Tacx) = РА(хр < Tacx; ‚ then the values in the first and third groups are same 
and lastly, if Tacx) < Tacx) = Face, ‚ then the value in the second group is equal to the one in the 
fourth group. 


4. A New Similarity Measure Based on Falsity Value Between Single Valued Neutrosophic 
Sets 


In this section, we propose a new similarity measure based on falsity value between single valued 
neutrosophic sets. 


Definition 4.1 : Те A and В two single valued neutrosophic sets in x = {x1 ,X2,...,X,}. Let 
А = (G5 Tacx lage Facey) } and В = (х, Tec вос Facey) ] - 


The similarity measure based on falsity value between the neutrosophic values A(xj) and B (xj) is 
given by 


Here, we use the values 
2 (Еде — FB) — (Taco — Тво), 
2 (Fac — FB) — (laco — Ів), 


(Еде Feron) + (Рас Figo) 3(Fawp — Еве) - 


Since we use the falsity values Еде») in all these three values, we name this formula as “similarity 


measure based on falsity value between single valued neutrosophic sets". 


Property 4.2 :0 < S(Aœp Bu) € 1. 
Proof: By the definition of Single valued neutrosophic sets, as 
0 S Тасу Твор lacey [вор Facey Fao) = 1. 


we have 
0 < 2(Facy — Fae) — (Tap Tap) < 3 
0 € 2(Раскр) — Ево) — (laxo lacy) < 3 


and 


0 < З(Еиср),Евсд) € 3. 
So, 


< - < 1. 


Therefore, 0 < S(AG) Bees) < 1. 


Property 4.3: 5(А су, Bæn) = 1 © Абу = Во) 

Proof. i) First we show Агу = Во when 5$(Аг у, Bg) = 1. 
Let (Агу, Вод) = 1. 

S(A Bey) 


=, |) Е Fp(x)) z Tac) z тад) + |) Е Fp(x)) Е Cac) E 15(«))] +3 lore 25 Fp(x)) 
9 


=1 
and thus, 


(= ы Fax) ш (TAG ш Тво) + 2 aap ш Евер) ш Caw) = Во) + 3| (Рао) Ба тыр) —0 
ЕЕ ЕЕ Е G 


50, 
(Едо — Ево) = 0, |2(Faœp — Fax) — (Тас — Тво) = 0, 

апа 

|2 (Расу — Fea) — Олор — 1вхр)] = 0. 
As |(Едсг — Fa) [70 , then FA) = Fg; - 
If Face) = Ево) • [2(FAGp- Fea) — (Тас) Tea) | = 0 and Таср= Тв). 
When Fag) = Ев)» |2(Ёдгх) — Евр) — Пас — leap) | = 0 and Іда) вер - 
Therefore, if (Aç; Во) = 1. then by Definition 2.3, A4 = By . 
ii) Now we show if Aq) = Ва then S(A(x,), Вод) = 1. Let Аб = Во). By Definition 2.3, 

Tace= Тво), Таб = вод ЁА(хр= Faas 
and we have 


Taw) — Tae) = 0, Tac — Іва) = 0, Ёд(х)- вхо = 0. 


So, 
(Ac Bex) 


| xe) = Fa(x)) E Tac) m тад) + Duos x FB(x)) E Cac) E 10) +3 eas FB(x)) 
9 


Property 4.4 : SAG»: Boxy) = S(Ba, Аб) 3 
Proof: 


5(4 Bæn) = 








=e a * [26.7756 06716 ЊЕ 3| 7 s | 
9 





= ВЕЗЕ ыы Taa Py ти ‘Sass Fas 
= zi ^ p ae ae RI ЕН ЕЕ 





T" (= = Fap) = (Træn Тар + ны — Ёдхр) = dees = lae) + 3|Feœ Fao) 
B 9 


= 5 (Вер Ас). 
Property 4.5: КА СВ СС, 


i) S(Aa Bay) > SAap Cea) 
i) ^ S(Bay Ca) = SMa Сао) 


Proof: 
i) By the single valued neutrosophic set property, if A € B € C ,then 
Tac) S Твор) S Tc Табо S вео S leap Раба) 2 Ево) > Fee · 
So, 
Tap- Tacx) < 0, lap- Твор < 0, Faw, — Fg) 2 0 (1) 
Tap- Tex © 0, lap- Тар S 0, Facey — Вес) 2 0 (2) 


Tac- Твер > Tap- Tere)» laap- вод > laap- lcan Fac, 7 Ёв(хд < Fai) — Fee, (3) 
Using (1), we have 
(Бас — Fean) — (Тас Твор) > 0 


(Расу — Fai) — (laixo- вед) > 0 


апа 


3(TAGp- Твор) 2 0. 


Thus, we get 


S(A Bey) 
33s (Estas Caeo Tano lEn oeo) seinen (Раск) ud 
9 
EU С Ч (Facey) “= 
9 
xd Enero Fats) Cac Ta) (бар) | T 


Similarly, by (2), we have 


(А скр Сео) 
_ (вез биш "чыны "шш баш шш 3 (Раск) а 
9 
Dez [e a a aa Fac ta) 
9 
ee ема Teo) (Taco Tec) Cac fe) | © 


Using (4) and (5) together, we get 


$(Аг у, Bay) — SAap ea) 


7 (Fac) — Fax) — (Таса) — Te) — (lago — Во) _ ix (Fac — Fean) — (Таб) — Teo) — (Пах) — Ів) 
9 9 








1- 


_ У (Раса) — Frap) (Taco — Твор) _ (laco — lean) , 7(Ёдхр — Fean) _ (Taco — Teen) (лр — сор) 
9 9 9 9 








_ У (Раса — Fac) , "(Fac — Fean) _ (Taco — Tean) _ (Taco — Teen) Џабер — Isao) _ (laco — сор) 
9 9 9 9 9 


by (1) and (3), 


7(Facay — Fac) Е 7(Faca — Fc) Zia (Tac — Teen) _ (Тасо — Teco) Ыгы: (nay — 1560) (ло — Іор) Si 
9 a 9 9 2 9 9 Е 








and therefore 


5(Аскру Bæn) — (Ao, Cay) > 0 


and 


(Ао Вор) 2 S(Ac Сео) - 
ii) The proof of the latter part can be similarly done as the first part. 


Corollary 4.6 : Suppose we make similar definitions to Definition 4.1, but this time based on truth 
values or indeterminancy values. If we define a truth based similarity measure, or namely, 


S(Ac Boxy) 
=1— (Et = Тасо) V (Face) 5 Fs) + 2(Tacxa = Тв) V (код E 1560) + 3 (Тасо) и e 





9 


or if we define a measure based on indeterminancy values like 





(Паско 7 1863) 7 (Тао) — Tsao) | + [215 — 1865) 7 (Fac 7 Foe) + 3| (laeo = вео) 
S(A@ Bay) = 1 -( : | 9 : 


these two definitions don't provide the conditions of Property 4.5 . For instance, for the truth value 





узы) - (uso њо) + Стыд = бо) — Can - tea) + это ~ Tae 
(Ао, Bay) = 1-( А(х) B AG) B AC - B Ac) — В Аб i | 


when we take the single valued neutrosophic values Ас» = (0,0.1,0), Bay = (1,0.2,0) апа 
Соу = (1,0.3,0), we see 5(Абу, Вод) = 0.2333 and 5(Абу, Сб) = 0.2444 . This contradicts 
with the results of Property 4.5. 


Similarly, for the indeterminancy values, 





as) аа а а Sag =) 
5(Асу Вод) =1 -( Аб) В Ас T iB AC - B AG — Fs AG) — 18 | 


if we take the single valued neurosophic values Агу = (0.1,0, 1), Во = (0.2,1,1) and 
Соо = (0.3, 1,1), we have (Аб, Bu) = 0.2333 апа S(Ag), Со) = 0.2444. 
These results show that the definition 4.1 is only valid for the measure based on falsity values. 
Defintion 4.7 As 

4 _ (асове) (Таб) Tey У (Fac Ево) (1А) -1в0))1+ Раск) —Ёв(хд/ 
(Aa. Вод) =1 9 


EI 


The similarity measure based on the falsity value between two single valued neutrosophic sets A and B 
1S; 


Sus (А, B) = Xizi(wi X S (Ас у Ba) ) - 
Here, Sys(A, B) € [0,1] and w;'s are the weights of the x;'s with the property Ут, м; = 1. Also, 
А = (ог Тас), Глог Face) В = (ог Ta (x; Іво FB) }. 


Example 4.8 Let us consider three patterns P,,P,, Р» represerted by single valued neutrosophic sets 
Р, and Б, in X = {x,,x2} respectively, where 


P, = ((x4,0.2, 0.5, 0.7), (x2, 0.9,0.4,0.5)} and Б, = {(x,, 0.3, 0.2, 0.5), (х,0.3,0.2,0.4)) . 


We want to classify an unknown pattern represented by a single valued neutrosophic set Q in 
X = (x1, x2) into one of the patterns Pj, Б; where 0 = ((x4, 0.4, 0.4, 0.1), (x2, 0.6, 0.2, 0.3)}. 


; 1 А 
Let ил; be the weight of element w; , where w; = > 1<1<2, 


$мз(Р,,0) = 0.711 
апа 
Sus(P,, Q) = 0.772. 
We can see that Sys(P2, 0) is the largest value among the values of 5. (Ри, Q) and Sys(P2,Q) . 


Therefore, the unknown pattern represented by single valued neutrosophic set Q should be classified 
into the pattern Р». 


5. A New Similarity Measure Based on Falsity Measure Between Neutrosophic Sets Based on 
the Centroid Points of Transformed Neutrosophic Values 


In this section, we propose a new similarity measure based on falsity value between single valued 
neutrosophic sets based on the centroid points of transformed single valued neutrosophic values. 


Definition5.1 : 


SA ва је (а бш “ңы "ныны бищ stes те 


Taking the similarity measure as the similarity measure in the fourth section, and letting Сд) and 
Cp(4; be the centers of the triangles obtained by the transformation of A(,,) and B(x in the third 


section respectively, the similarity measure based on falsity value between single valued neutrosophic 
sets A and B based on the centroid points of transformed neutrosophic values is 


n 


Susc(4,B) = У (их5(Сдоа) Cron) ). 


i=1 
where 
А = (х: (Тас laco Fagen} В = (22: Tae lace Fso) - 
Here again, w;'s are the weights of the x;’s with the property Ут = 1. 


Example 5.2 : Let us consider two patterns Р, and Р, represented by single valued neutrosophic sets 
Р, P, in X = (x,,x5) respectively in Example 4.8, where 


Р, = {(x,, 0.2, 0.5, 0.7), (x2, 0.9, 0.4, 0.5)} and Б, = {(x,, 0.3, 0.2, 0.5), (x, 0.3, 0.2, 0.4)} . 


We want to classify an unknown pattern represented by single valued neutrosophic set б in X = 
(x4, x2) into one of the patterns Ри, P; , where 0 = {(x,, 0.4, 0.4, 0.1), (хо, 0.6, 0.2, 0.3)}. 


We make the classification using the measure in Definition 5.1, namely 


Susc(A, B ) = Xi-4 (wi X S(Cacxi) ‚Свош))) ( 
Also we find the Ca(xi) , Cgi) centers according to the truth values. 
Let ил; be the weight of element xj, у; = =: 1<:<2. 
Pix = (0.2, 0.5, 0.7) transformed based on falsity value in Example 3.1.1 
Cox, = (0.566, 0.633, 0.7) 
Pix = (0.9, 0.4, 0.5) transformed based on falsity value in Example 3.1.1 
Cex, = (0.7, 0.633, 0.5) 
Px, = (0.3, 0.2, 0.5) transformed based on falsity value in Example 3.1.1 
CSx, = (0.7, 0.7, 0.5) 
Бох, = (0.3, 0.2, 0.4) transformed based on falsity value in Example 3.1.1 
Св; = (0.733, 0.7, 0.4) 
Oz ‚ = (x1, 0.4, 0.4, 0.1) transformed based on falsity value in Section 3.1 
Cox, = (0.6, 0.8, 0.1) (second group) 
бу, = (х>, 0.6, 0.2, 0.3) transformed based on truth falsity in Section 3.1 
Cox, = (0.666, 0.6, 0.3) (second group) 
Susc(B,, Q) = 0,67592 
Snsc(P2,@) = 0,80927 


Therefore, the unknown pattern Q, represented by a single valued neutrosophic set based on truth 
value is classified into pattern P. 


Example 5.3 : Let us consider two patterns P, and Р, of example 4.8, represented by single valued 
neutrosophic sets Pj, Б, in X = (x4, x2} respectively, where 


Р, = {(x,, 0.2, 0.5, 0.7), (x2, 0.9, 0.4, 0.5)) and Ê, = {(x,, 0.3, 0.2, 0.5), (x2, 0.3, 0.2, 0.4)}. 


We want to classify an unknown pattern represented by the single valued neutrosophic set ( in 
X = (x4, x2) into one of the patterns Pj, P5, where 0 = {(хи, 0.4, 0.4, 0.1), (x2, 0.6, 0.2, 0.3)}. 


We make the classification using the measure in Definition 5.1, namely 


Snsc(A, B ) = Nika (wixS(Cacaiy ‚ вр). 


Also we find the Сл су , Cgi) centers according to the indeterminancy values. 


1 : 
Let ил; be ће weight of element х;, и; = z 1<i<2. 


Pix = (0.2, 0.5, 0.7) transformed based on falsity value in Example 3.2.1 
Ср», = (0.766, 0.633, 0.7) 
Рих = (0.9, 0.4, 0.5) transformed based on falsity value in Example 3.2.1 
Ср, = (0.766, 0.633, 0.5) 
Px, = (0.3, 0.2, 0.5) transformed based on falsity value in Example 3.2.1 
Cp;,, = (0.633, 0.9, 0.5) 
Бох, = (0.3, 0.2, 0.4) transformed based on falsity value in Example 3.2.1 
Cp; x, = (0.666, 0.7, 0.4) 
Ох, = (x4, 0.4, 0.4, 0.1) transformed based on falsity value in Section 3.2 
Cox, = (0.6, 0.8, 0.1) (second group) 
Oy, = (х,,0.6, 0.2, 0.3) transformed based on truth falsity in Section 3.2 
Cox, = (0.7, 0.666, 0.3) (first group) 

$мзс(Р,,0) = 0,67592 

Susc(P5, 0) = 0,80927 


Therefore, the unknown pattern О, represented by a single valued neutrosophic set based оп 
indeterminacy value is classified into pattern Ро. 


Example 5.4: Let us consider in example 4.8, two patterns Р, and Р, represented by single valued 
neutrosophic sets Pj, P; in X = (x4, хо} respectively where 


Р, = {(x,, 0.2, 0.5, 0.7), (x2, 0.9, 0.4, 0.5)) апа Б, = {(x4, 0.3, 0.2, 0.5), (xz, 0.3,0.2,0.4)) . 


We want to classify an unknown pattern represented by single valued neutrosophic set Q in 
x = {ху ,x3) into one of the patterns Pj, P; , where 0 = ((x4, 0.4, 0.4, 0.1), (хо, 0.6, 0.2, 0.3)}. 


We make the classification using the measure in Definition 5.1, namely 
Snsc(A, B ) = Xii (wixS(Cacaiy Cacxi)) . 

Also we find the Ca(xi) , Cgi) centers according to the falsity values. 

Let wj be the weight of element xi, и; = =; 1<i<2. 


Pix, = (0.2, 0.5, 0.7) transformed based on falsity value in Example 3.3.1 


Ср, = (0.766, 0.7, 0.7) 


Pix» = (0.9, 0.4, 0.5) transformed based on falsity value in Example 3.3.1 
Ср, = (0.766, 0.7, 0.5) 
Рух, = (0.3, 0.2, 0.5) transformed based on falsity value in Example 3.3.1 
Св; = (0.633, 0.7, 0.5) 
Px, = (0.3, 0.2, 0.4) transformed based on falsity value in Example 3.3.1 
Ср, = (0.666, 0.733, 0.4) 
Ox, = (x4, 0.4, 0.4, 0.1) transformed based on falsity value in Section 3.3 
Cox, = (0.6, 0.6, 0.1) (first group) 
бу, = (х›,0.6, 0.2, 0.3) transformed based on truth falsity in Section 3.3 
Cox, = (0.7, 0.666, 0.3) (third group) 
Snsc(Py, 0) = 0,7091 
Snsc(P2,@) = 0,8148 


Therefore, the unknown pattern О, represented Бу a single valued neutrosophic set based on falsity 
value is classified into pattern Р,. 


In Example 5.2, Example 5.3 and Example 5.4 , all measures according to truth, indeterminancy and 
falsity values give the same exact result. 
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